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±E*1 (Oif^/O K««» 2 ©*?/<:/ K<l-§llc£&1- £fctf>©7xP? 

4 * #i -5 «fc 5 K ±E3S 2 ©-* ?i i > h'«# *?f It h tz HHD-StiL 7 << ;u* / \* > 

±E«Mf/<>*£±B^J*/<>$®5 5«>i oliiW»i$lHl7-f ;i,*£fl|;u -t 
©tett»»j#IH7-r £<§itfcvXxAo 

il«»niIl£#«A*««* 1 K«#l=#ffl«fci6©attl*lfll» 
±E»1 ©■*?/<> K«#*«S2©*^/«> KOTKi^Hb-f £*:«>©7xp 

±iBm2o-9-^/^> ri#©x— * u- k £■»«£*>© u- hK&so/* 
atusm-*?/*:/ K«^a>«*i*niiifi«-e*-5»3©-y-^/<> kiw*44 
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5. ftfT-raii^lciB^rovXxAlzfclvC. 



6. ftfrf a»#£KiE!t©vX^AI::fc^T. 

7. *fi-*-*i»*ai=iB«©»>xxAicfei\T» 

l=El*&*L**>XxA. 

8. 5fefr-*-*«**r=E*©*>XxAf=fe^T, 

-* J: y Wl^lMttiftt47t □ ^/fv)J^ >/\*-$ 0-9- 
xA. 

9. *fff *»*afce«©*>xxAi=fct^r, 

1 o. ftfT^*»*ai=iB«fl!>s/^xAicfetxr, 

1 1. $fcfr*4IMUIl &tf5 7!5l 0©5^<01 o{c|H«fl)'>XxAlcfcL>T 
±E£fiE ? -f ;udt /\* > ? tt^^Fal 7 -r £ fit* fc x A„ 

i 2. 5feff-r*ii*ai=E«o*>xxAi=fci^r, 

**&l=«M.fcS'XxA. 



(4) 



0-507 8 9 1 



13. 5fc*T-f £H#£l::iEtt<B^XTAlcfc^T, 

±iB-y-^/0 Rt#©siJ©M©fca&a>!$£7 »>3 

/ ? £ * b icflt * fc v X t- A„ 

1 5. itl|BlMA#«llft«llllff#lcXtfet-<&^«>C[>HIMi 4ffi*©»ftlc*S 

u- h **»©/*>* i=fcivc % ±15^2 ©-9- Km-*?©^— $ b- h£ 
1 6. *fr-r4»*ai 4-1 5©5*»©i oiciBii©^rjsizfci\r, 
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[893<D£«l&IR9n 
*B©HHi 

T*$uufl»»a©/\-K*x7£v:7 h^x70)mi£fc|gjgf;t, n-effia 

7 7 £ <fc tlBM -< > * - 'J - ? <?. 

) ta**i«t>^»tte9 h*-cas*i*#j!Mi£©ra© k k*?£ 

*fc. SS, ->^T ■■r;U4t3>/<-^(i % (1 OkSa/ 

s) -ejt#«Sft (20t*«y h) £JMW*j&«, n#IBK:/*-'J -:7a 

, ii-y->?;usi£ (sasa/s) -efi^fiitt (8 try h) £Si{fc-r<5o z&&tt ( 
1 6 \*v h#$tn? 1 o oksa/s) , u-?b:/s? ( 1 4 try h^tl-e 1 msa/s) 

, 7 7 r>2 (lot-)) hftffittTM OOMSa/s) £^fc*©te©ft&l::oi\T 

* tta * © m ir * . 

^;u=i>/<-^^$a^t»-H-c, 1 o©asa % M«)7ta^-fv^b3 
zcnioii-y-^tn^' TS?*;u*»©i3Sp* 

£fi. M^Mtt^:. /<>*l*©#a>/<—*©M©«S Z© 
f/WX©4/<> K«l=:bfcoTSlf£fr**u »>XTA©»«MI*tOB"r-5z 
i-Cft*. #R5K>$-'j-:?[i % *fc, IMtl=jEa«t-r:/*-'J-72Py* 
«t««Iit4»t>-fS C»<, Z*u&«£©*>XTA©iME£ 

#flMB**UBU HfttM***£CS. S&lz, ©20©=i >/*-*© 

IH©*E^-7-bv Mi, 3:>/*-*lc^CAamE£Mfcofc=i-Rcxv$UI/ 
fc^-ftS:: C*i6©3>/<— *A«a«ttrc-r— 4fSHJ*t-4©-c % ft 



1 o©=i ://<-*©! o©«i]Miz«Li^n$^«mm$^-r^ 



(7) 1 0-5 07 89 1 



^ )l,lz&l\xmm*'<^0 rt(D=i ©tfelzll LL^7-b hiiffl 

>/\*-* (DFaKDmE-trV ><DM*. l=B CA^tE^lftofca- 

ftftMSS (Quadrature) Z7 — 74}\,$ (QMF) T> h- 

*• ^h^<f l J7 (Antonio Petraglia) tV-lsV-V h ■ K • 5 h7 (Sanjit K 
Mitra) r<3M FM*>£ £JSl^fcitilA/D£&J (" High-Speed A/D Con v 
ersion and Measurement" ) „ IEEE Transactions on Instrumentation and Mea 
surement, 41 (3) : 427-43 1 (1 9 9 2, 6£) l=felvcBWjaF*l4J: 

7* n * • r * ;U*»I= £ It * J: 5 IcftfeflD+r KOIMI t St? £fc * 
l\, «fcl$IHQMF/<:/*«>7?P-?li, SiffilCjEfitfe^lWfcW 

ntk^QMF/<>^7^-py ■ f^;^>/^©fi (D^^f*. «ye 
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(-J-t>*i£. r7^-p^f . fy$;i/j ©fflfgtt, cc-eii. 7tn^bfv^i, 

ft^^^^u/OKWcfttv nmzM&w&it (vlsi) icfe^r*fT-e 
xAicia^a*^*. amiiB7-f;u*t)Bitti*nn7-f;u4ifca)-f«ktt % iatt 
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? (a I i as ing)ilMfc£tf2M£flmffi *$j£JHJfc:7a-lr ggtfe 

Kil*l*IHim*M*»j»iTr-6J:5l=S1iJ*Tft*. 
£©$89!©#*Ll**l6»ffi-Ctt % /W^'J'yK^fAli, M**>*;u ( 

o x^^JU-T-j-ay**©*^ K«#tt, MOB? (77 

T?^-t7>-9->^'J>y**i-5 0 Kfflt*f* % io©3>/< 

So 
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-$<fcyiii*#j!i?a&-eiitt-e#£ 0 *w>hu 
-y->7;u*-;u Kmfta>s*$isx-*-<&. 

•aftOTJU^'jXAIi, SttiiS(cfclt§jg«f7-f )\,*t£fSL?4Jl,$£& 

HiBtpiimftittflB 

ofc*©— ittttft/\-f ^.y v h*^>f ju$/<:/9a>7n?9BiT*&$. 

H2fi. *»WlcJ:-6l|E31»fl*l7^P^IH^©M©fc«)fl!)-^^/0 K^P-b 
@4At^4Bli, :7^;u$&3I0>fc4&03|ffi&;fr£<7>:fp-y£S-efc3o B 



(11) 0-507 8 9 1 



mActm^Dit, ? * )i$vm<j)tzib<j)mmtz.-}3&.<j)?uy'?m-QihZ>o m 

tiffing xv*;U7;f-P?"£&a>Ji£. eft 

li, «fc y ei^x-* ii^r^Wft^^^ 4 nmic-r -Sfc&icteffl-e 

— $0>?Py$En?&5 o 
07(4, *5MHl=J:*7}-n? • T$/$uua>/<— ^fctorotWr?* 

x-3i*xmvr7 4 n>* K k ( s ) *tt» uBfti$m«jS7 -r f r ( z ) $tm-r & 

»^ LL^«tfl)»tg<Plgiiftl».W 

/w?y? h*7>r;u^0S*t^tt. iimnff«r7'f^^^mi$iBiM7'f/u 

H1I** -$&fotj:/U7>) v £7 4)l>5'<y5A/Dziy/<— $ i i©:7ci? 
*1 2Alc#Sy-f£ e 2Ali, -Hxg#(D A /D 

K«*i 2Al=8L*afc*tfMj&<ffjM'i*. 6(4. £ 
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$ 1 2fc«fctfgtfS[B#F B E 1£j£:7'f 1 6#ttJfl*Jh/ClvC, -£-(Z>£j£/<>>7 1 6 
\*=r—1 Is— h£ii*2:fc[iM'>£-fe»-<5 J r— • £ U— h^MSKdata rate changer 
s)*fUL^t<tL^ D/A*»f3L^TI4» *»B#IHM!¥*f7<f;U* 1 2fc«k 

@K0H$Mt /\-K^i7©#Jn**»t-r*Ct<i:<flt*i 2Afc«fc 
tfl 2AI=fe^T/£?lf*©A*Wl 0 Klc***;Ufl:-*-<5fc»a>* 

2 © 7p ? ^ BBI=*r. tt*tt«fcm?*iT 1^-5 «fc => lc«*B*IWC©*«f 7 ;u 
* 'J >*©»lc»M*ll]©*-f K**/^**a«B*W©J£*J*AaflW2 

2^7^;u^'J>^-r*J:y ; fc, t?L5, H2©£lfe»agtt. ^M«#f7-f 

a«lftlBl£*«A*M2 214, attB#nMWr7-r;u*/t:/* 2 4lcj: yatt 
M-y-^/«>K«2 4A(c«'f!**i'6. KI=»Lr-o©^>/<- 

fl-*f 2 4 A*Kftl^ra*^/<> Rt#2 6 A^tttti. A/DU 2 

&fttt#©&& Mz.\£T?Z?t<{ ?7b*:7n*v5/>4ffc J: 

. RJrMlcjSi:r#iP^*i§gliJc^r a 1^^N , >K^P-b*v-9-/N*>^3 0lcj:y s *£ 

(i^©gfltfc^F B 1-9-^/\*>K^2 8A$MlcftiSLr ; tJ:^o A/Da 
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iz. K^n-try-9-2 s^^fflLrt^L^ f£m£L-c*§b 

*iS<i^3 0ai4, SHtl[i^ra^fiE7-r;i/^/0^ 3 2[c«fcyMiz«is$^ -e© 

U- h£M&££ LTl*-Cfc«fc^o Z<D£f$.?>()l,$ 3 214, fi?*r7-f;U$ 2 4 

Stfl^r B 1^7-r;U^/^>^3 2 0ffi*3 2 Ali. ^^ra1-y-^/^> KA*2 
4 AlC^-r-SgtfC^^jfiiEt-Crfc-So ZOD^^-f JU*A>? 3 2(4, ffiMlCJfc £ 

Tttan^ajng^s 4izfcit3s£^<z>i&fc % x-r •J7*>:/?'£fr*$flu 

«T?ft*l£1IHjlJilkl*nilia*fll*4 0fr-5J:3(=» 

***»Rrt-*fcttic % a/d3>/<— >2 6icteits*>^ij>ya>nn= % 

?/<>K2 4A$5*-fr2 7Tf5^ri/>^Lr^-7./<> K<t LTt «fcl*. Ctl 

icj:y, «ky«i^>^y>yiy-h-eA/D*iftA«RrtBtfty, 

t3v?l/>«<ft«. ^<Ha>*gji£, D/A*»©»£lctett*fc!JMfe|c 

■«-^/«>K«i5*S/>yL-C«*:yK^Jia»tr'Bfc»l=ttfflLr*<k^. 

IB 3 tt, M-^-v*JKD, **RI=IHI5ljMifc* M5iJ©, $-fc***;ua>, 
/W7y y K7-r;u^/O^A/Dzi>/<-^$a-r^p*y^®r-fc<5o &£iB# 
MflWr7<r^*H k (s) (4, £ff*a>31fl|B$MA;t] u (t) £MfltiKlfllttT> 

fl-six k (t) i4 % ^-roi/XxAoHsa-y-^^y /Mo>^-tfb*i 

fc*^/<> K© b- h A/D 3 4 2 fcjc y BffcttH 

^■i^^n^o «ai*HJC^SlSnfc«-^^<> K«xt (n) (4, M©^(a 



factor of D-C79^>^';>yi«fi*)tli. 7VJ-*>7>) IsVZtltzffi 
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ttftn©fr*:?/<:/Kfl»v k (n) iitttkB$Mff«f7<r;i/»F k (z) i:*ot 

IS»tLT»?>*i<5fl*y k (n) li, &$iJMtffcl$Mttl2i«y- 
(n) *f^JiE^*fc«>lcBrlllc«i:TJD»4 6-e«$*4t*. 
g] 3 lei* Lfc/xY ^ 'J -v -f ;u$/*>£ A/D =i $ a>1$te«>tt5S«lft 

Jj£ (architecture) ICj^^"5Atlj^JllS!t(input/output function) Z 
AS. m20>aiffi, SCI 7~2 2lCfeL\rM = 2l=»Lr«3S««&*l«it 
tlzSCl 0-1 6|cfcL^r^*tl* m<7)jB«f7-f;U^H k ( j Q) j&<^x.£> 
(reconstruct i on) 5fi?#T ? -f F k ( e J ^ ) fl) ? — 

u i **r=*t -r £ a (express i on) * ji t^-r ^ t -e * *. 

JBa***-Ctt, Q n 5i?7>/»l=*«1M»**lfcA*«U (JQ) 
«M?7<f;u*H k (J Q) lcJ:y7-f^'J>^LfcfS*A«X k ( J Q) T-fc§ 0 
X k (jQ) = U(jQ)H k (jQ) (1) 
ftlHUWCI*, A/D M2 0>M£(*, «#Kla k 4DCt7-b? 

XK[n] = (l+aK)x K [n] + b K (2) 



l+a K M— 1 jw j2 

X K (e i ")= E Xk( — - ) 

T J =0 T T 



M-l 
£=0 



(3) 



"Cft*. X k (J Q) lc«LrftA$fr5«t> 
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l+a K M— 1 }o> \1ni io) Mitt 

X K (e i ")= 2 U( — - )Hk( — - ) 

T 0=0 T T T T 

M-l 

+ b K 2 In 6(<o-2n£), D<wS(M-l)2i 

£=0 (4) 



V K (e i ") = X K (e iwM ) 

l+a K M-l i<oM j27f£ ja>M \ln£ 

= 2 U( - )H K ( -- — ) 

T 6=0 T T T T 

M-l (M-l) 

+ bn 2 In SioiU-lnf), 0<w^ lie 

£=0 M (5) 

Yk( e |u )=FK(e i ")VK(e i ") 

1+ax M-l j<yM j2n£ jo>M \ln& 

2 F k( e '-)U< - )H K ( - ) 

T £=Q T T t T 

M-l 

+ b K 2 Fr(e '")2jt 5(ojM-27t£) 

4=0 (6) 

M-l 

Y(e j ") = 2 Y k ( e ' ") (7) 
k=0 

(eiw) it. 

M-l l+ a K M-l j<uM j2a-^ 

Y(e i ")= 2 2 F K (e J -)U( - ) 

k=0 T £=Q T T 

ja)M i2n& 

. (Hk( — - - )) 

T T 

M-l M-l 
+ 2 b K 2 FK(e'")2jr5(<aM-2^) 

k=0 i=0 (8) 
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M-l jo>M j2n£ 

Y(e i ")= 2 U( - ) 

e=0 T T 

M-l (l+a K ) j6>M j2zrtf 

• ( 2 FK(e ,B )H K ( - )) 

k=0 T T T 

M-l M-l 
+ E 1>k 2 F*(e iM )2;r <5(<uM-27riO 

k=0 ^=0 (9) 



M-l jo>M j2?rp 

Y(e j ")= 2 U( - )T P (e "0+0 

P=0 T T (10) 

M-l (1+a.O jcyM j2jrp 

Tp(e s -)= 2 F«(e'-)HK( - ). 

k=0 T T T 

(M-l) 

M (1 1) 

M-l M-l 
/S=2tt 2 b k F k ( 6 ' ") 2 5(uM-2ffp) (12) 
k=0 p=0 

T-fc-So Si 0, 11 fc«fctfl 2li, EPii]0<W3£ { (M-1 ) /M} 2^rlCfc 

, S±ftS«Mto<fc&*u 

Y(e i^) = Ae-J^U(e JW) ( 13 ) 
LfcA^t, 0>-T^lia (distort ion function) T 0 (eJ&O |£ % 
ftgg d icfcffSL ft l+*itf ft *> 1\ 

T 0 (e J"W) = a e-j^d (-, 4) 

•C**o 1 ^p^M-1 <»k*<DX.<( iJ7*s^MMkT p (eJ'W) li, * 

t»L<fte>fti+*n<ft&r» 
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T p ( e jW) = 0 (1 5) 

-efc<5 0 Pit. A/D=i>/<— $«lcfclt5DC^-74r^ h^lrmL, &A/ 
D =1 0>*Z>* *j K b k Z%lzm&?%> d t iCcfc y * £ **iftlt*itfft £ 

ftl^o 

£=0 (16) 
cft£<DfrJ£j3M££ffll^<t. SC1 Hi, 1 momtfr?* H k (ei^) 

-mtLX. M=2lc#U AHi^HSl* 

i2o i2a> \ln 

Y(e'") = U( )T 0 (e f -) + U( - )Ti(e'-)+/9 

T T T 

(17) 



<tft£ 0 *£ftJMlJ*©fc.*>i::l*, t>r*HftfttmftaEI=*L<ft&ftlf:|t 

1 j2a> 

T 0 (e '") = - (1+ a o )F 0 (e '")H 0 ( ) 

T T 

1 j2w 

+ - (l+a,)F,(e "»)H,( )=e-"". 0<<o£jt 

T T 

(18) 



mitm u < ft e, ft it*i « ft e> 

T,(e"0 = 1 (H-a 0 )Fo(e i -)H 0 ( ^ - ^ ) 

+ ^ (l+aOF.Ce'OH.C ^ - ^ )=0, 0<a>^z 



(19) 



(18) 
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1 

0=2nY. b k F l (e , ")(5(6j)+5(w-n-)) = 0 (20) 
k=0 



F 0 (e i ") = Ae- i " < ' T 



1+ao (2 1) 

Hit ~y jT ) 

IH f i2(0 mi f j ^ J2t j2w j2<u j2;r 

) H i( ^~ )-Hi( ~y~ )H 0 ( — — ) 



fl)^»IS^F k (eJ'W) ^jfiW5*>XxA||»(system function) ^ttgi-r 

Scticfcy^ttbtiSo £$:7-rn>$a>#Sii % ^OvXxA-eff^-c^-S^ 



mwmmmTm %± & t^m c t iz j: y Ktf - simv & * 
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*h 0 (s) H¥«f7-f^MMbM»tt8iyfl!>/^K/<X7-r;u^H k ( 

So nik&M(iO£p£M-i icfcitSHIkTp (eJw) 0-9->:7;u£g:tiJ 
U fl¥#f7>r;u$H k (s) £*>X7ASSd$. S*H*T 0 (eJ») tfpTttfc 
Hy^«Ee-j««i|Cjfi«u 1 lcfcl*577-f 7$?>$nH*T p 

(ejw) 36<RriB<ciRy-«fni=jfi*r««k5i=, «y£L»-*-6. ±SB7;Hf'J 

XAliT h7^(Mat lab) *fc»*/Mt7;U=f 'J XA f m i n sfCfcyft 

±lBJffflS*tfd!i*r7-r;u*H k (s) iyXfAiidicty, £j£:?-f/u 

5f*aftM»f*fl[5cX7-s«/M=-rs^rt7-f;u5iF k (z) £jrffl«. 

1 -DOJi&k LT$>XtUI*Fk (Z) h7 7H» ( i n f r e 

q Z ) *<fcy, »5/XTAB»©7-yi^ijittaatt<p7-yi*»*iSftir 
«**«w*fea5c*ftiit-r*c:i:tt^Rni6T?ft*. c:a)7;u=fyxAtt±ia^* 

7-f;U*«ifc«iaTfttffl**Ll-f iJ7v>^ (a I i as i ng) H»T p ( 

e jw) ^m-fSo 

h?? (Ma t I a b) M**/Wb7;Hf'jXAf m i n s|Z«fcy§I»T p ( 
ei») l=fc(**«/N2*x^-fl£aH^«MMz*5fcai=, £j£?^u*F k 

(z) sjtysLHS-r &. 7;u=f'jXA*«±Efctf7-f^*ftafcMi=fci* 



< ;U*©KSlc**LT*«MBU (/^*9--X % fif->i7, ^fcliffiTO 



» 
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pT&fc£j£:7-f F k (Z) BSttS. S3^b77^^74 8i:^ 

j£7>r;u*F k (z) £<Dii£-&li0 4A(zfciNT?ii££*i<5o S4Biz^-r^g 

7-r;^'J>yR k (z) A<7^^-9->^'J>^micHtT$*i*J:5lc, *<&E 
£j£7f;U$'J>?R k (Z) (47* JUa:/ 

Sl?fT3b*lSo *M7x-Xtt$l4. «-7-V3f-t»->^7 4 4<t^J LF I R©£ 

4)l,ZR k (Z) ±IBMtt#-9-^/^> KzTitlCM^O^-f ;u 

k (n) tt*tOI=$r*>tf:/:/y:/$fM5 1 lzJ:yT-*b->A««T*4l. 

*©fc£j*7<r;u*R k (z) icj:oT7-r;u*M**i5. z 
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•c & o it— i > ? U > W i* t u- 1= ft it a & =i >/ <- * ten y m r *i fc 

o zfl)z,t[ix^ijyi?>-jffflis^i£M-r^fc«)a)^*f7<;u^H k (s) t?i* 
**y «<?(*&<, h*7©«»tWt^lia±*«a>3«E©jfe#* 
/\-K*x7©Mtt*«*Lfc«*«Wr7-r;U*H k (S) gB<D 

1-*fcitic*>xxA»*i!t««)*. *>?y >y»ft<D4o©#5*iii *r 

fcflWu (t) ««fta>-9-^/OKI=5Mir«nAn«:lia)it«^Mff«fHo ( 

s) (s) £*ru »*^/«>R*a«i*lBi«s«f7-f;bdtHoo (s) , h 0 

! (S) , H 10 (S) % H 1t (S) t*y * blC^SJ^tlSo ^^/Oh'lf 

^Y>*;u^TA©«a<bj:y tt?L%, *afti*-iia)2^v>*^*aft 

as 
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mm^rnxttm^u co itm^mmm^y^)^n 0 (s) iz^^x^j^ 
vmmz#mztiZo *^f«*ui (t) m-n&z^z&ifty * ^zh^ 

(S) lc«fcy$blc/Jx$«:-9-^/OKu2 (t) lc#g|£*u Kfl» 

fettle K0-*?-fe? H=fct^T*»l!MB7^o^/-Ti?4r;i,3>/<-. 

««*l*IBA*ffll#u (n) f*ttftl$mi!Mfr7-f JU9H k (z) f=J: (JJttmiBI 
tl-^\*>K(i#u k (n) lz»9J$*i-5 0 -9-^/\*>h*m^u k (n) tt^f^>-9-> 

«>iii!»nn-9-^/<>Kffli*x k (t) itittB»n^7<;^F k (s) i=*y* 

&l=M**i«y k (t) £S§£U »*l*IH*^/<>Kfi#u k (n) ®att 
eWifitttft*. a*»IH-9-^/<>K«#y k (t) l*fllj|[»6 4T?e$*4i|£ 

*a«ennuiAMy (t) jmlitoiisjsaamu ( n ) a>araM 
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@7l*««f7^;U^H k (S) k£tfL7*)\,$F k (Z) ktmmittZtzltXD 
7;Uzf'jXA©7P— 0-efc§ o 7)\s3i)XAlt2'D<DXm9 2k9 4\Z#m2 
*t£o *1 <0&fe9 2T?li, »«f7-fJK«H k (S) A«JWi*#l, %tfLZ>4)\,$ 
F k (Z) l*«7£X7-$S/Mc-r*«l:5lcifi<H*^So !&2CDIiSPg9 4t'lt 

Vfv^l3>/M()!)DCt7t'V h^-pitOlzWLfcZtitzKDk LT 
„ v*^A(DAttj;fclII&Jb<gtii£;h., #[cx7-§|&#gtlj;**i6 0 i7-|jS 

^1 0)S|5g9 V (Ma t I a b) ib-f>fm i n sft£fl>« 

M£&g'JMfcJU-^>£ffl^T$ffi:7>f;i/$H k (S) fc*>X-rABffidlC» 
LT}f£j&<fcc:fc;fc>*i3 Uf";^8 0) o «IC, 7h7^ (Mat I ab) 
— i n v f r e q zft*fO>«*7-f ^^ififtl;b— ?>SfflL^TMftJ6»fl 

«*»a«a»j6»iciiffl-r*cfci=j:-3-c ^?-r;i/*F k 

(Z) #**frlCififtiaF*i*. »l:T k (eJ") 3^ttHJ**l Ufy^84) , 
T k (eJ*) lcfc(+*X7-3^L#t^bK;nsiT^5^4<*S*4i* (X-r? 
?8 6) o x?— *<L#mil2rFT?«i:i*»*. ffia>aM9 2 0160)11 U£Ltt 
£ *U »fflix 5 — 36f* L * I MIOTIC ft £ $ 7?«Mk/Mb7;b ^ 'J XA 
*ffllvCflWr7*;U*H k (S) ^ISSL^It^o x5-#L#l**12lTI=ft;h. 

iir;u=r y 2 osisg 9 4 i=aw? 0 
m2 0|gpg9 4-eii, m%<Dfttir74 ;u*H k (s) , aj*7*;u*F k (z) 

*i* (^fy^8 7) o Jfclc T k (eJ'w) l:feltSi5-A<*Ul4*i« (Xf 



?8 8) o Jfclc, T k (eJ'w) KfcMt*X7-J^Jfe0L#lMt&Tfr5frfc£ 
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-r5«fc5l^*g/Mb7;Urf'jXA^fflLNr#jS7>f ;u$ F k (Z) A<ISS$^ 
Uf^9 6) , m2©KPg9 4©te©|§y&LIg#g#£*t&. I7-A« 

L#iMti2lT©*£li Uf';^9 0) % ffittf^^Hk (s) <t^7^;u 

$F k (z) tfik&ztiZo 

SBClt »*r7-f;u*H k (s) 0>jaa*J6**ilSL-c Uf^8 7) 
2 -C *ffl * *if=««r 7 -f (*/ \- K x 7 "C fit ft L T M ft * 

fciffc*. ftaft7;u=f'jXAi=fci+sx^-iifttt]Ea[ftj»«f7-f ;b4t©lf« 
^xf^ctlftH d ©iugi*i£tt l / 2 -cm **i* 0 cos^^aiiiMa 

ftfi, -f bX/Kr/X&S©;*; # $ I* d SB«ft©5fi«lc fcivc**i: «t 

flstasw*;:*:!*, gtm^fc (±<a©) «aa<-r >/^ux bX/-K>*©g 
«i= «t -a r ftttib * *i<t q t ssfi-r & o 

A/D3>/<-^l^fc(tS'5r-r>X7-a k fc { fci;^-3'-lr'V hx^-b k £;HS: 

3>/<-^©Maw<f*-^**a-r*zt36«-e#s c czi=asi*-c, o*© 
ai*3*-7-b?» KX7-b k i=fiau c*ii*oica&:-5j:ai=-r^#-efty, i* 
©*tty-r>x7-a k rcftar*. 

;U4r/<>^©«|jil©a»3&<aH*tfc6-rct^ltlcH&*iri^»lc»a«HI 
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C0(<u) = [Ra.{T 0 (ej«)}-Re{Ae-jw«*}]2 
+ [ I tn{T 0 (ej w )}- I m {Ae-J'Wd}]2 ( 2 3) 
e p (oj)tt, fcEfflaftwlcfclvc, i-f y7i?>7H&T p (e Jw) £ 0 ( 

e p (aj) = Re{Tp(ejW)}2 + | m { Tp ( e j0J)]2 f i^ p ^m-1 (2 4) 
e p (w) tt#lcO"Cfc*. i/X-rAlcfctNTIi, ±T©JiaW*lctel*T*rtt 

g-l M-l 

£= S E E p£p (25) 
n=Op=0 g 

Epii«^it«*T?*y» x-f y75?>^x7-*fci*i>r*x^ 

x^-Hlkelcfc^-CttiSti^^^fflaftjfiBa)****!)*^*^*^. * 

3„ *u g*«MLi=a(i*ifcfr*>.tf, A*/Hj*H*i*jBa*bx?K>^a! 

;nfyXA4<*>^y>^-r5gfla)ffla*jfif£lfC<!:<. gJiaftfltfEfc&li 
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^x^-HSiett, ##r:7-f H k (s) „ ^-<>x^-a k , Smyjjl,* 
F k (z) <£>§|»ffc<5<, H k (s) £J:tfa k ligfcJ|C}l!l3££*u F k (z) ICO 
t^rittDJ(ll*tJfe*«<t**l*. I1Xf-y92j3,|:U!l2Xf-y94©W 
tlcfcUT, eag/JMbli&^O&Slc.fcoTfrbfts ffl*.(iMatlab™§i&f m j 
nsOyU-^^^ffl^TfftJ+l'So (MatlabTM) Hf&fminsfi, 

5— K v>:7 X (Nelder-Mead simplex) 7 

F k (z) , H k (z) $flfeiJ£LHSU v*xAj!gd£ffll\ x^-e£g 

&(D»£C<h-f <5 e C^7c^lcfcltS'>>^U«y^X(i, C + 1 <D®%W<<7 

o, 96), c^fy^lt S'^U^xoiISjWffSafrMrtfcfc** 
T5HyfiLfr**i<6 9 0) e 

, 7c©iittWOT*«aift»Tfa^wtin«fiE-r* 0 c©*aic«fc#iii, aroes 

*t;tx;Hbicff9X7-(*l»fr*L*. Mttftbil co)JSii, ftttztovi 
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tf3.-$mm*. a s a ic y y -m&iz & y 2o<Df^>^p-^^ 

„ l*<Ofr©»g©$Mlr:7-f;UdM=Olvc, *§R» fievi^l (Chebysh 
ev I ) , — 7— X (Butterworth) *©*»A«fT*>*lf=. C*lb0>Hi&lC 

«fc y , jlfltga>iEife £ ii##r ? © JUSic lis t ^ L r i^fc <t # 

«fcy^<<D^n<DM^*Lfc e ^-TA-r>^-y-^$tifcA/D3>/N*- 
$ iz n it a x =j ztiz&oiz^ itgitt ic & it * x 7 - as «k m^Hbx ^ 

Z>74)\,$* ttxtf. fifi/i7 (Chebyshev) 7^1/^iP)7-f 
L^HM&flifcM*"*. X (Butterworth) 7 -f 0>ig-&[i % J: y 

*l*ill*3Sj&<1»&*lfc. Ctlli. (Butterworth) 7 4 )\,$\Z\%i\ 

T.teWv-JfriVK* fro, »BE36«tt«tt-S"eft-53^6T?fc*. AtpS 
l*#*f7-f ;U*I*, ftafc7JU=f yXA0»1 Xx~v9 2|zS^LNTx-tf-r> 

u fltf? * y y ^;nf»#«»ttffia>*lfflt-r* z «t i= * y mss***- 
*j*7^;u^fl!>«#i=«»:y»*iiB0jEit*A<ir©aa*-e»fc**ift^A<* 
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ft It £ S^Hb y -f X^lt^ttlc It -5 x =j - &m&t *. 

7*<DTt-Py^<^ — 9— X (Butterworth) MfT7j)l,$ t. MM\tT )l 

:j«jxa©W2Xt— s?9 4i=«fey*aft**ifci e t?-y hfv^^i7-f 

;i/4iT?fco-C, 6 4©WK^>'^U*L'*tf>X£tiofct(D<t£:frf &2 

vXxAICfcy, OdBl>-r^-A^?>¥^IO. 1 1 3dB<D^ft (u = ff7v7V 
S>lZfcL^3.1 3dB0>g*<Z>{>-f<fr) , - 8 1 . 5 dBOTTOx^f U 7 ( 

w =o^^7>/i!i>icfcLNr-4 2. 1 dB©s*x-r > fc<ti;32 
i;oj=7r(Difi^ica*L, 5/xfA©t?a/«i:/o K^icfc^riiii^^g 

tffcfrofc, X>T , J7i?>^'liX^^ h;U©9 3%0)^igl|Ct>7=or-6 8dB 
J2TFfcttM*Jllfc. SJSMfcn Ify KDA/D3>/<- £tf>SN£tl*6. 0 2n+ 
1 . 7 edB-efe&a)-?, x< U7i/>?X7-f*S'XTA(D& : &U'< J /U|::&££ 
-fjftli, Zfl!>*>XxAI„tft1 1 try hro#$flfc££-f 6A/D=i:/M*-<$i|cEgft 

m2X7 L -v9 4|Zj:ygJHb*tLfc1 6t'«;h0S»F I Rfv$i^7 
-f;i/^«t. g*A<6 4T?mi Xx-v9 2(C«kyg^b*^lfc7^07t-P^7 

0dBt>-f^-^b¥^)0. 0 0 0 9 5dB(D^{4 (0.0 0 4 5dBfl)S^t>-f <^-) 
» -1 0 8dB0)Wx-r iJ7v>^ (w = 0 7V7>/fl>ICfclN-C-4 2. 3d 
B<DS^l-f U7v>^) , fc«fct;3 4•^7■>^;^MiIC^5t^r^$i:^if-^LfcP 

xsEtfMSiifc. x>r U7^>^(*7.^^ hkz>9 5%o^igEict)fcor-4 

7dB&TK<gM£;hfco LfcAbt. z©JMte*ih.fc/W:7 , J? K7-r;u* 
Km 2t£y H0#fift&£^-£A/D3>/\*-$l::E8lrr<5o 7-r;u 
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OdB<D^J|E^<7)^g7!)^btifco :©Zi:lt it^14lcfcltSx^— £ 
„ -gO> A/D u $ T \s4 l-felt^S-a $ © 5 XT y^l^Mc^ 
•V>*;MSllr;}3l,vC3 0dBI5ifWE**i6^35**i, C^ibi^-^iXV 

*l£l^o 0Ha.tfv 2 0fl) 1 2 If h 2 5 M Sa/s A/D 3 SfflUfc 5 

OMSa/s*'!' AY >£-'J— AICOI^TtX htffrfrftfco A/Da 

t^^-f U>i?l*5 6. 7dB, 3-fcfr*>9. 1 t?y hG)^-e&£o *tf&-f 
<5 2^*>*JU5 OMSa/s/W *v h*7 -f A/D =l $ £fc 

l*Ttt, 5X7?^£g'&Lfcl*fl!>1** $MMII*-5I©A/D=i://<— r jTiz-f 
0) 

?0 U>$?(*8 2. 2dB, "f 1 3. 4 t**y h-Cfeofco 

, 8l£y h0»»tt-C*4ltf8QS a/s<D-y->:?'j:/^b-h£jg;U 1 6 tf 

$ *fflift U A/D 17-^* >*;HHt*t^T M Lftl* J: 5 Iz-T* - «t 

mi*a/d*>xx Arcot\rfT*3*ifc^ **Mi=«53ajEjb7;i/^y 
XAiiD/AS/XxAicoi%r*Bi*ltafflRr*Tf*6. 

9 4^©7l^f a.— -tZV2/Xft7t¥(J!>£±lfc% (Massachusetts Institute of 
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